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INTRODUCTION 
L In the f i r s t  progress report  we reported the vibrational 

L study of te t radcuterated hydrazine. Progress report  number two 

d e a l t  w i t h  t h e  vibrational spectrum of mat r ix  isolated CH3NH2 

and the infrared spectra of C H 3 N H 2 ,  CD3NH2 and C D 3 N D 2  i n  the  

so l id  phases. 

we recorded the vibrational spectra o f  matrix isolated CD3NH2 

and  CD3ND2.  

writing u p  the r e su l t s  f o r  publication. 

paper will  be submitted shortly f o r  publ icat ion,  we are g o i n g  

t o  omit a detai led discussion c;f t h i s  phase o f  our s tudies  a t  t h i s  

time. 

Ne have continued our s tud ies  of methylamine and  

We have analyzed the data and we a re  current ly  

Therefore, since a 

We are  continuing our  s tud ies  of molecules which could 

be possible const i tuents  of the Jovian atmospheres. 

Kuiper’ i n  his book on - The Atmospheres of the Earth and Planets 

has pointed out t h a t  the Jovian atmospheres a re  expected t o  

conta in  H 2 ,  He, Ne, H20, NH3,  CH4,  Ar and possibly SiH4. 

a l so  l i s t e d  a number of other gases t h a t  should be considered 

Gerand P .  

He has 

because they a re  composed of f a i r l y  a b u n d a n t  atomic species and 

have boiling points below 120°C [see Table 8, pg. 349-3501. 

He has a l so  pointed o u t  t h a t  un t i l  more i s  known about the 

atmospheres of the planets i t  i s  useful t o  keep a f a i r l y  large 

number of possible const i tuents  i n  m i n d  i n  planning fu r the r  

spectroscopic work. 

spectra  of molecules of astrophysical i n t e r e s t ,  we studied 

In the i n i t i a t i o n  o f  our  work on the infrared 

I 



3 

hydrazine and methylamine. However, there  a re  several o t h e r  

small mol ecul es  containing hydrogen, carbon, and nitrogen which 

a1 so should be possible consti tuents of the reducing atmospheres. 

Similar ly ,  phosphine, s i l ane  a n d  hydrogen su l f ide  have been 

proposed as possible consti tuents o f  the Jovian planets as well 

as the hydrocarbons acetylene, ethylene,  and ethane. 

accepts these materials as possible cons t i tuents ,  then due t o  

the probabi l i ty  of photochemical react ions,  other such molecules 

as  ethyl s i  1 ane , methyl phosphi ne , vi nyl s i  1 ane , i sot h i  ocyani c 

acid as well as others are  also possible const i tuents  o f  these 

atmospheres. ' I t  i s  t rue  t h a t  some of the proposed compounds 

will  a l so  polymerize under u l t r av io l e t  i r r a d i a t i o n ,  b u t  the 

planets with hot bases, f o r  example J u p i t e r  and possibly Sa tu rn ,  

could rebuild such molecules t h a t  had been destroyed pho to -  

chemically. 

molecules have n o t  been studied or the  r e s u l t s  a re  so conf l ic t ing  

t h a t  convincing vibrational assignments a re  n o t  possible.  

If  one 

The infrared spectra o f  many of the above mentioned 

Phosphorus, su l fu r  and  f luor ine  a l l  have ra ther  la rge  
2 natural cosmic abundances and the molecule SPF3 boi l s  a t  -52OC 

and i s  ra ther  s t ab le .  The Raman data on t h i s  molecule had been 

studied by Dewaull e and Francoi s3 and normal coordi nate cal cul a -  

t ions  had been performed by Nagarajan4 and Ziomek and Piotrowski . 
However, the accepted vibrational assignment6 f o r  t h i s  molecule 

proposes a P=S st retching and a P-F symmetrical s t re tching 

5 
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vibrat ions which were incompatible w i t h  those found f o r  other 

f l  uoride-sul f u r  containing compounds. Therefore, we undertook 

the invest igat ion of the  infrared spectrum of SPF3 from 4000 t o  

33 cm-l i n  order t o  t r y  t o  resolve the discrepancy. 

the band a t  874 cm-l previously reported i n  the  Raman study, wds 

found t o  be an impurity. This band had been assigned as  the 

P=S s t re tch ing  vibrat ion.  

t o  the SPF3 molecule, i t  was necessary t o  reassign the fundamental 

modes of th is  molecule. The infrared spectrum of SPF3 shows two 

bands i n  the  P-F s t re tching region, one centered a t  981 cm-' and 

As expected, 

( 

Since the band was found n o t  t o  belong 

the other  a t . 9 4 5  cm-I. The former one has a band contour 

expected for a para l le l  fundamental and can be confidently 

assigned as  the PF3 symmetric s t re tching v ibra t ion .  

contours of the perpendicular bands a re  a l l  expected t o  be 

The band 

d i f f e r e n t  because of the  zeta values. 

o f  SPF3 shows the 945 cm-' band t o  be de f in i t e ly  polarized, and 

i t  i s ,  thus,  assigned as the  PF3 antisymmetric s t re tch ing  vibra- 

t i o n .  The P=S s t re tching vibration i s  then assigned t o  the 

para l le l  band centered a t  695 cm-l. The assignment of the other  

th ree  bands agreed w i t h  t h a t  given i n  the e a r l i e r  Raman work . 
O f  course, the thermodynamic propert ies  calculated ea r l  i e r5  by 

us ing  the  incorrect  vibration frequencies a r e  now inval id  and  

However, the Raman spectrum 

3 

we have calculated new values based upon our vibrat ional  assign- 

ment. 

(boi l ing point 6OC) and SPFC12 (boi l ing point  64-65'C) and 

We have a l so  investigated the vibrational spectra  of SPF2C1 



* 5 

vibrational assignments have been made. No previous infrared 

s tudies  have been reported for these molecules. We have sub-  

mitted this work f o r  publication i n  the Journal of  Chemical 

Physics and a prepr in t  of the submitted paper i s  enclosed i n  

the  appendices of th i s  report .  

Very recent ly ,  infrared spectroscopic7 s tudies  of the 

vacuum u l t r a v i o l e t  photolysis products of carbon dioxide a t  77'K 

was made and a molecular species was ident i f ied  as carbon 

t r iox ide .  

car r ied  out and a planar tr igonal symmetry was confirmed . The 

Isotopic experiments involving C13 and 0l8 were 
7 

fundamental frequencies f o r  various isotopic  species were 

assigned on the basis of D3,, symmetry and force constants ,  

assuming a Urey-Brad1 ey force f i el  d ,  were cal cul ated by C1 u t t e r  

-- e t  a1.(7) .  Raper and De Mare(8) a l so  reported tha t  carbon 

t r iox ide  was formed as  an intermediate i n  t h e i r  photolysis 

reaction between e lec t ronica l ly  excited diatomic oxygen and 

carbon monoxide. 

As a continuation of o u r  u t i l i z a t i o n  of  vibrational data 

td  determine thermodynamic propert ies ,  we have calculated 

the mean amp1 i tudes of vibrat ion,  the thermodynamic functions 

and the  molecular p o l a r i z a b i l i t i e s  of a s e r i e s  of mixed 

phosphorus-halogen compounds of the type PX2Y where X i s  

f luo r ide ,  chlor ide o r  bromide and Y is  a l so  f luor ide ,  chlor ide or  

bromide. 

and presented i n  this report  a s  pa r t  111 6f the  appendices. 

These calculat ions have been submitted f o r  publication 



FUTURE WORK 
- The invest igat ion of t h  

6 

v i  bi t ional spec t r  o f  molecules 

e 
which could be possible const i tuents  o f  the Jovian atmospheres 

wil l  continue and when desirable  the data will be used t o  ca lcu la te  

thermodynamic proper t ies ,  force constants and other  useful 

mol ecul a r  propert ies .  
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